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SUMMARY 


The  objective  of  this  publication  is  to  update  the  discrete  semiconductor  device  reliability  data 
and  information  currently  available  to  the  reliability  community. 

Field  and  test  failure  data  are  presented  in  detailed  and  summarized  formats  on  state-of-the-art 
transistors,  diodes,  and  optoelectronic  devices.  In  addition  to  the  standard  component  types, 
particular  emphasis  was  given  to  the  collection  of  data  on  the  following  low  population  part  types: 

GaAs  Power  FETs 
Varistor  Diodes 
Infrared  LEDs 
Current  Regulator  Diodes 
Microwave  Diodes  and  Transistors 
Liquid  Crystal  Displays 
Photovoltaic  Cell  Arrays 
Transient  Suppressor  Diodes 
Diode  Array  Displays 
Microwave  Diodes 
Microwave  Transistors 

Table  1  summarizes  the  data  presented  in  this  publication. 

Significant  issues  with  respect  to  discrete  semiconductor  device  reliability  are  investigated 
including  the  validity  of  the  exponential  time  to  failure  distribution,  the  effect  of  technological 
advances  on  device  reliability,  and  the  effects  of  electrical  parameter  derating.  In  addition,  failure 
mode  and  mechanism  data  is  presented  for  transistors,  diodes,  liquid  crystal  displays  and 
photovoltaic  cell  array  modules. 
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INTRODUCTION 


This  book  provides  up-to-date  failure  rate  information  on  discrete  semiconductor  devices 
The  data,  including  both  field  experience  and  test  data,  spans  the  period  from  1976-1987  updating 
the  pre- 1978  DSR-3  data. 

Data  is  presented  on  all  transistors,  diodes  and  optoelectronic  part  types  currently  covered  in 
MIL-HDBK-217E  as  well  as  special  or  low-population  parts  including: 

•  GaAs  Power  FETs 

•  Transient  Suppressor  Diodes 

•  Infrared  LEDs 

•  Diode  Array  Displays 

•  Current  Regulator  Diodes 

•  Photovoltaic  Cells 

•  Liquid  Civstal  Displays 

•  Microwave  Diodes 

•  Microwave  Transistors 

Although  liquid  crystal  displays  are  not  semiconductor  devices,  the  RAC  regulaily  receives 
inquiries  from  users  requesting  information  as  to  their  reliability  and  will  use  this  databook  as  the 
medium  for  presenting  such  information. 

Pertinent  device  and  application-specific  details  characterizing  the  device  failure  are  presented 
in  the  detailed  data  section  including: 

•  Device  Type 

•  Package  Type 

•  Screen  Level 

•  Application  Environment 

•  Temperature 

•  Electrical  Stress 

«  Number  Tested 

•  Number  Failed 

•  Part  Hours 

Failure  mode  and  mechanism  data  was  compiled  for  transistors  and  diodes  from  reliability 
demonstration  test  reports  and  is  presented  in  both  tabular  and  graphical  formats.  Data  from 
individual  data  sources  is  presented  for  photovoltaic  cell  modules  and  liquid  crystal  displays.  Such 
data  is  critical  to  Failure  Modes,  Effects  and  Criticality  Analyses  (FMECAs). 

Various  graphical  analyses  and  comparisons  are  performed  on  the  data  and  results  are 
discussed  from  a  reliability  perspective.  In  addition,  a  comparison  of  DSR-4  field  failure  rates 
agamst  DRS-3  field  failure  rates  was  conducted  to  determine  the  effects  of  processing  and 
technology  changes  over  the  last  10-15  years. 


1.0  USER'S  CLIDE  TO  DSR-4 


The  data  and  information  presented  in  this  publication  are  intended  to  aid  the  reliability 
engineer  in  assessing  the  reliability  of  electronic  systems  and  equipment  containing  discrete 
semiconductor  devices.  The  user  is  cautioned,  however,  that  this  data  is  intended  as  a  supplement 
to  the  information  in  military  documents  such  as  MIL-HDBK-217E,  Reliability  Prediction  of 
Electronic  Equipment,  and  shall  not  be  used  in  lieu  of  contractually  cited  references. 

Data  is  presented  on  the  gamut  of  discrete  semiconductor  devices  including  small  signal, 
rectifier,  and  zener  diodes;  bipolar  and  field  effect  transistors,  microwave  diodes  and  transistors. 
Of  particular  interest  will  be  the  data  presented  on  low  population,  state-of-the-art  devices  which 
are  either  not  addressed  in  other  reliability-related  documents  or  for  which  available  data  is  out-of- 
date  and/or  scarce. 

This  data  book  is  organized  into  the  following  four  sections: 

2.0  Eailure  Data  Analyses 

3.0  Eailure  Mode  and  Mechanism  Data 

4.0  Detailed  Failure  Data 

5.0  Data  Sources 

Section  2.0  presents  the  results  of  various  analyses  performed  on  the  detailed  data  presented 
in  Section  4.0.  First,  data  summaries  are  presented  for  generic  component  categories  for  which 
there  was  sufficient  field  failure  data.  The  data  in  these  analyses  included  data  from  five  data 
sources  (designated  as  Sources  1  through  5)  which  are  described  in  detail  in  Section  5.0.  Based 
on  the  data  in  this  table,  graphical  comparisons  tue  made  between  various  diode  and  transistor 
types,  respectively.  These  comparisons  are  intended  to  assist  engineers  in  design  trade-off 
decisions. 

A  graphical  comparison  between  component  failure  rates  from  the  various  data  sources  is 
also  presented.  Data  Sources  1  through  3  represent  airborne  applications  which  employ  military- 
grade  (JANTX)  components.  Data  Source  4  provided  data  from  a  military  naval  environment  also 
employing  military  grade  (907c  JANTX,  10%  JAN)  components,  and  data  Source  5  provided  data 
from  a  number  of  commercial  laboratory-type  equipments  with  unscreened  components  (77.5% 
plastic  encapsulated  and  22.5%  hermetically  sealed). 

The  second  analysis  in  Section  2.0  is  an  investigation  of  the  validity  of  the  exponential  time- 
to-failure  assumption,  which  is  the  basis  for  all  MIL-HDBK-217E-type  semiconductor  failure  rate 
prediction  models.  The  validity  of  this  assumption  has  been  challenged  often  since  it  assumes  a 
constant  failure  rate  over  time  while  most  failure  mechanisms  affecting  discrete  semiconductor 
devices  are  reported  in  the  literature  as  fitting  a  log-normal  distribution. 

The  third  analysis  presented  in  Section  2.0  investigates  the  impact  of  design  and  processing 
technology  advances  made  over  the  last  10-15  years  on  observed  field  failure  rates.  To  perform 
this  investigation,  field  data  in  this  publication  is  compared  with  field  failure  data  from  similar 
equipments  presented  in  its'  predecessor  DRS-3  (dated  1979). 

The  final  analysis  presented  in  Section  2.0  is  an  investigation  of  the  effects  of  electrical  stress 
on  component  failure  rates.  Several  publications  such  as  RADC-TR-84-254,  Reliability  Derating 
Procedures  and  ESD-TR-85- 1 45,  Derated  Application  of  Parts  for  ESP  Systems,  stress  the 
benefits  of  electrical  derating  on  equipment  reliability.  These  effects  are  investigated  for  part  types 
for  which  sufficient  stress  level  information  was  available. 


1 


Section  3.0  presents  failure  mode  and  mechanism  data  for  transistors  and  diodes  compiled 
from  reports  of  reliability  demonstration  tests  conducted  in  accordance  with  MIL-STD-781, 
Reliability  Design.  Qualification  and  Production  Acceptance  Tests:  Exponential  Distribution.  This 
data  was  limited  to  MIL-STD-781  type  data  to  ensure  all  tests  were  conducted  and  evaluated 
against  similar  criteria.  An  exception  was  made  for  two  low-population  part  types:  liquid  crystal 
displays  and  photovoltaic  modules.  Since  so  little  data  is  available  on  these  parts,  other  sources  of 
information  were  allowed.  Failure  mode  and  mechanism  distributions  are  critical  to  the 
performance  of  an  accurate  Failure  Mode  Effects  and  Criticality  Analysis  (FMECAs) 

Section  4.0  presents  the  detailed  failure  data.  The  data  is  segregated  first  by  general 
component  category,  then  within  each  category  by  part  number  and  data  type  (field  or  test).  The 
device  categories  presented  are: 


Diode 

Small  Signal,  Switching 
Small  Signal,  General  Purpose 
Rectifier 

Rectifier,  Fast  Recovery 
Rectifier,  Bridge,  Full  Wave 
Zener 

Zener,  Voltage  Regulator 
Zener,  Voltage  Reference 
Current  Regulator 
Transient  Suppressor 
Microwave,  Tunnel 
Microwave,  Schottky  Barrier 
Microwave,  PIN 
Microwave,  Varactor 
Microwave,  GUNN  Effect 
Microwave,  IMP  ATT 

T  ransistor 

Bipolar,  NPN 
Bipolar,  PNP 

Field  Effect,  Junction,  N-channel 
Field  Effect,  Junction,  P-channel 
Field  Effect,  MOS,  N-channel 
Field  Effect,  MOS,  P-channel 
Unijunction 

Microwave/RF,  Field  Effect 
Microwave/RF,  Bipolar 
Multiple,  Complementary  Pair 
Multiple,  Darlington 
Multiple,  Matched  Pair 
Special  Function,  Chopper 

Thyristor 

Thyristor 

SCR 

TRIAC 

Triode,  Trigger 
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Optoelectronic 

Emitter,  Single  LED 
Emitter,  Single  LED,  Infrared 
Emitter,  LED  Array 
Emitter,  Laser  Diode 
Sensor,  Photodiode 
Sensor,  Phototransistor 
Photocoupler, 

Photocoupler,  Phototransistor  Output 
Photocoupler,  Photodarlington  Output 
Photocoupler,  IC  Output 
Alphanumeric  Display,  LED,  Segment  Type 
Alphanumeric  Display,  LED,  Array  Type 
Alphanumeric  Display,  Liquid  Crystal 
Photovoltaic  Module 

Pertinent  device  and  application-specific  details  are  presented  for  each  data  record.  The  field 
and  associated  field  values  in  the  detailed  data  section  are  explained  in  Section  4.0. 

Although  the  majority  of  data  contained  in  the  database  is  from  field  operation,  there  is  some 
test  data  presented  that  is  the  result  of  high  temperature  operating  life  tests  performed  by  either  part 
manufacturers  or  as  a  result  of  specialized  research  projects.  Although  such  tests  are  not 
representative  of  actual  usage  conditions,  it  is  often  the  only  failure  data  available  for  state-of-the- 
art  components  and/or  low  usage  part  types  which  have  not  had  sufficient  time  to  accumulate  field 
data.  This  was  the  case  for  GUNN  diodes,  GaAs  FETs,  and  laser  diodes.  Often  such  data  is  used 
to  app'oximate  operating  conditions  by  assuming  it  represents  a  ground  benign  environment  at 
elevated  temperatures.  The  temperature  effects  are  extrapolated  to  typical  operating  temperatures 
by  assuming  that  the  Arrhenius  relationship  is  valid. 

The  Arrhenius  relationship  models  the  reaction  rate  of  discrete  semiconductor  failure 
mechanisms  within  a  specific  temperature  range.  The  Arrhenius  model  is  based  on  empirical  data 
and  predicts  that  the  rate  of  a  given  chemical  or  physical  reaction,  in  this  case  a  failure  mechanism, 
will  be  exponential  with  the  inverse  of  temperature.  Conceptually,  the  Arrhenius  model  is  given 
by: 


Reaction  Rate  «=  exp  (-Ea/KT) 


where: 


Eg  =  activation  energy  (eV)  (Every  chemical  reaction  has  a  unique  activation 
energy  associated  with  it) 

K  =  Boltzman's  constant 

=  8.63  x  10-5  (eV/°K) 

T  =  temperature  (°K) 

The  observed  failure  rate  at  an  elevated  temperature  can  be  extrapolated  to  usage 
conditions  as  follows: 
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A.2  =  A.i  exp  [  -Ea/K  (1/Tj  -  I/T2)] 


where: 


X2  =  usage  failure  rate  estimate  at  T2 

Xi  =  test  failure  rate  observed  at  Tj 
Ed  =  activation  energy 

K  =  Boltzman's  constant 

T2  =  usage  operating  temperature  (°K) 

Tj  =  test  temperature  (°K) 

The  caveat  with  this  approach  is  that  each  failure  mechanism  has  a  unique  activation 
associated  with  it.  Furthermore,  during  the  life  of  discrete  semiconductor  components,  there  can 
be  several  such  mechanisms  proceeding  simultaneously,  each  capable  either  individually  or  jointly 
of  causing  a  part  failure.  Reference  15  presents  one  approach  to  dealing  with  this  discrepancy. 

It  has  been  found,  however,  that  for  general  classes  of  components  with  similar  failure 
mechanism  distributions  the  cumulative  effects  of  the  various  reactions  can  be  approximated  by  a 
single  Arrhenius  model  for  a  specified  temperature  range.  This  relationship  has  been  designed  as 
the  "equivalent  Arrhenius  relationship."  This  is  the  approach  used  in  generic  failure  rate  prediction 
models  such  as  those  in  MIL-HDBK-217E. 

Section  5.0  is  a  detailed  description  of  the  sources  of  data  for  this  publication. 
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2.0  DATA  ANALYSIS 


2.1  DATA  SUMMARIES 

The  table  and  figures  presented  in  this  section  are  summaries  of  the  data  presented  in  the 
detailed  data  section.  Section  4.0.  Only  part  types  for  which  there  was  a  sufficient  quantity  of 
data  were  included  in  the  summaries.  In  general  this  excludes  low  population  parts  such  as 
microwave  devices,  most  optoelectronics,  etc. 

Table  2  presents  generic  component  failure  rates  for  the  five  predominant  data  sources  which 
provided  data  for  this  publication.  The  five  sources  are  described  in  detail  in  Section  5.0,  Data 
Sources.  Briefly,  Source  1  data  is  a  conglomerate  of  data  from  all  16  MIL-HDBK-217  avionic 
environments,  Sources  2  and  3  data  are  from  an  airborne,  inhabited  fighter  environment.  Source  4 
data  is  from  a  naval  submarine  application,  and  Source  5  data  is  collected  from  a  number  of 
laboratory  equipments  in  a  controlled  environment.  Source  1  through  4  data  contains  military 
grade  components  (i.e.,  JANTX  or  JAN  screen  level  and  hermetically  sealed)  and  Source  5  data 
contains  unscreened  parts,  predominantly  plastic  encapsulated.  The  number  of  data  points 
reflected  in  the  failure  rate  entries  is  in  parenthesis  next  to  the  failure  rate  to  allow  the  user  to 
exercise  judgment  when  evaluating  the  data. 

Figure  1  is  a  comparison  of  diode  failure  rates  for  the  purpose  of  design  trade-off  decisions. 
Only  data  from  the  airborne  data  sources  was  used  for  this  comparison  in  an  attempt  to  minimize 
any  differences  introduced  by  environmental  and  application-type  effects.  Figure  2  presents  similar 
information  for  transistors. 

Figures  3  and  4  compare  the  average  diode  and  transistor  failure  rates  respectively  for  the  five 
data  sources  in  Table  1.  It  is  evident  that  components  from  data  Sources  2  and  3,  namely  the  F-16 
HUD  and  F-16  FCC,  are  consistently  higher  failure  rate  items.  When  the  aspects  of  the  various 
data  sources  are  examined  closely,  this  is  not  surprizing.  The  F-16  equipments  experience 
relatively  higher  levels  of  vibration  and  shock  than  the  other  equipments  (particularly  from 
Sources  4  and  5).  Additionally,  fighter  aircraft  equipment,  in  particular,  experience  high  levels  of 
power  and  thermal  cycling  including  both  a  greater  quantity  of  cycles  and  much  shorter  cycling 
intervals.  Furthermore  observed  failure  rates  for  similar  devices  can  differ  for  several  reasons 
including  the  natural  variability  in  the  data,  different  data  collection  practices,  equipment  design, 
and  both  component  and  equipment  manufacturing  and  screening  procedures.  Data  Source  5 
failure  data,  as  explained  in  Section  5.0,  is  first  year  warranty  data  from  commercial  applications. 
As  such  it  is  important  to  point  out  that  long  term  failure  mechanisms  such  as  moisture  and 
contaminant  related  failure  mechanisms  of  plastic  encapsulated  devices  are  not  reflected  in  the  data. 

It  should  also  be  noted  that  in  addition  to  the  variation  in  equipments,  there  are  many  sources 
of  variability  in  the  reliability  data  collected  at  the  part  level.  Some  of  this  variability  is  due  to: 

•  Inaccuracies  in  failure  reporting 

•  Inconsistencies  in  the  criteria  used  to  detect  failure 

•  Quality  differences  between  manufacturers 

•  Random,  induced  failures  appearing  as  inherent  failures 

RAC  has  attempted  to  make  a  homogenius  dataset  from  all  the  various  sources  by  choosing 
only  confirmed  failures  that  were  not  induced,  however  the  process  to  combine  these  sources 
cannot  be  100%  effective.  One  predominant  source  of  reliability  variability  in  discrete 
semiconductor  devices  is  due  to  the  various  types  of  interconnects  used  in  a  particular  package 
style.  For  example,  DO-7  packages  with  whisker/S -bend  /C-bend  construction  exhibit  intermittent 
failures  when  exposed  to  shock  and  vibration.  Additionally,  DO-35  packages  with  silver  "button” 
construction  exhibit  intermittent  and  opens  due  to  plastic  deformation  of  the  button.  These  are 
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nonscreenable  failure  modes  and  unfortunately  the  particular  construction  for  each  package  style  is 
not  known  and  cannot  be  reported  in  the  data  contained  in  this  databook. 
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AVERAGE  FAILURE  RATE  COMPARISON  BY  DIODE  TYPE 
(AIRBORNE  ENVIRONMENTS  ONLY) 


1.4 


Small  Signal  Rectifier  F.R.  Rectifier  Zener  Tunnel 

COMPONENT  TYPE  Supprcss°r 


Reliability  Analysis  Center.  Griffiss  AFB,  NY  13441 

FIGURE  1:  AVERAGE  FAILURE  RATE  COMPARISON  BY  DIODE  TYPE 


AVERAGE  FAILURE  RATE  COMPARISON  BY  TRANSISTOR 

TYPE 

(AIRBORNE  ENVIRONMENTS  ONLY) 


FAILURE  RATE 
(Eailures/I0E6 
Hours) 


Bipolar  <  5W 


Bipolar,  >  =  5W  Field  Efl 

COMPONENT  TYPE 


iington 


Reliability  Analysis  Center,  Griffiss  AFB,  NY  13441 


FIGURE  2:  AVERAGE  FAILURE  RATE  COMPARISON  BY  TRANSISTOR 

TYPE 
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DIODE*  AVERAGE  FAILURE  RATE  BY  DATA  SOURCE 


Mil.  Airborne 


Mil.  Naval  Comm.  Laboratory 


FAILURE 

RATE 

(Fallures/10K6  1  •<> 
Hours) 


DATA  SOURCE 

♦  Excluding  Microwave  Devices 
Reliability  Analysis  Center,  Griffiss  AFB.  NY  1 344 1 


FIGURE  3:  DIODE  AVERAGE  FAILURE  RATE  BY  DATA  SOURCE 


FIGURE  4:  TRANSISTOR  AVERAGE  FAILURE  RATE  BY  DATA  SOURCE 
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2.2  VALIDITY  OF  THE  EXPONENTIAL  FAILURE  ASSUMPTION 


The  primary  purpose  of  failure  rate  prediction  models  for  electronic  components  such  as 
those  in  MIL-HDBK-217E  is  to  estimate  the  reliability  of  electronic  equipment  and  systems.  Such 
failure  rate  prediction  models  are  based  upon  the  assumption  of  an  exponential  time-to-failure 
distribution,  which  assumes  a  constant  failure  rate  over  time. 

However,  most  failure  mechanisms  of  discrete  semiconductor  devices  investigated  in  the 
literature  reportedly  follow  a  log-normal  failure  distribution.  An  investigation  of  such  data  was 
conducted  to  determine  the  validity  of  an  exponential  approximation  in  this  light.  The  analysis 
presented  in  this  section  was  performed  by  I.I.T.  Research  Institute  under  contract  to  Rome  Air 
Development  Center  (contract  number  F30602-85-C-0131). 

There  are  many  practical  reasons  why  the  assumption  of  a  constant  failure  rate  is  preferred  to 
a  time-dependent  failure  rate  for  MIL-HDBK-217E  type  failure  rate  prediction  models. 

•  Simplicity 

The  mean  time  between  failures  (MTBF)  of  a  system  whose  component  parts  exhibit 
constant  failure  rates  is  not  time  dependent.  Alternatively,  for  a  system  made  up  of 
components  having  nonconstant  failure  rates,  the  system  MTBF  will  be  time-dependent 
and  is  therefore  undefined  unless  a  particular  mission  time  is  specified.  The  assumption 
of  exponentially  allows  for  failure  rates  to  be  summed  in  a  series  reliability  network. 

•  Precedent 


The  exponential  assumption  is  currently  used  for  the  electronic  components  in  accepted 
models  such  as  those  in  MIL-HDBK-217E. 

*  Data  Availability 

If  any  distribution  other  than  exponential  is  assumed,  the  parameters  of  the  distribution 
must  be  determined  by  analysis  of  cumulative  time-to-failure  data.  This  detailed 
information  is  seldom  available  for  field  data  sources.  The  exponential  distribution 
allows  population  parameter  estimates  to  be  made  based  upon  total  part  operating  hours 
and  total  number  of  failures. 

*  Accuracy 

When  developing  models  such  as  those  employed  in  MIL-HDBK-217E,  any 
improvement  in  model  accuracy  resulting  from  the  use  of  a  more  complex  distribution 
(than  exponential)  may  be  insignificant  when  compared  to  the  inherent  variability 
associated  with  reliability  prediction  and  the  "statistical  noise"  in  the  data. 

An  analysis  of  constant  versus  time-dependent  failure  rate  distributions  was  undertaken  using 
observed  time-to-failure  data  collected  for  this  databook.  However,  due  to  the  above-mentioned 
advantages,  it  was  predetermined  that  if  discrete  semiconductor  failure  rate  prediction  models  could 
be  established  as  accurately  with  an  exponential  time-to-failure  distribution  as  by  a  log-normal  or 
other  time  dependent  failure  distribution,  the  former  is  preferable. 

The  following  paragraphs  describe  the  analysis  procedure  followed. 

All  time-to-failure  data  for  discrete  semiconductor  components  was  extracted  from  the 
available  literature.  This  data  consisted  of  life  test  results  at  high  temperatures.  Ideally,  it  would 
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have  been  preferable  to  analyze  time-to-failure  field  data  since  such  data  would  more  closely 
approximate  the  actual  usage  environments.  However,  such  data  is  not  available.  High 
temperature  life  test  time-to-failure  data  was  available  for  the  following  device  types: 

Low  Noise  GaAs  FETs 

High  Power  GaAs  FETs 

General  Purpose  Transistors  (NPN  &  PNP) 

GaAs  Laser  Diodes 
IMPATT  Diodes 
Schottky  Diodes 

Weibuli  analysis  was  then  applied.  The  Weibull  distribution  is  particularly  useful  in 
analyzing  life  data  since  (1)  it  has  repeatedly  been  observed  to  provide  a  good  fit  to  the  data,  and 
(2)  it  is  a  flexible  distribution  which  can  approximate  many  other  statistical  distributions, 
depending  upon  the  value  of  (5,  the  shape  parameter.  Table  3  gives  some  shapes  of  the  Weibuli 
distribution  which  approximate  other  common  distributions.  The  form  of  the  Weibull  distribution 
varies  between  texts,  but  a  common  one  is  given  by  the  probability  density  function: 

B  ,t.M  t  R 

f(t)=  a  (“)  exp  (-  (-)1) 

where 

f(t)  =  Weibull  probability  density  function 

a  =  scale  parameter  (characteristic  life) 

p  =  shape  parameter 

t  =  time 


TABLE  3:  WEIBULL  SHAPE  PARAMETERS  (REFERENCE  1) 


Twenty-one  individual  data  sets  were  plotted  on  Weibull  probability  paper,  and  the  value  of 
p  was  determined.  Figures  5  through  25  illustrates  the  Weibull  plots  of  the  data.  The  results  of 
this  step  of  the  analysis  were  encouraging  since,  as  can  be  seen  from  the  plots,  the  values  of  p 
seemed  to  center  around  1.0.  Table  4  presents  of  a  summary  of  the  best  fit  Weibull  parameters. 

The  next  step  of  the  analysis  was  to  force  the  best  line  with  p  =  1 .0  through  the  observed  data 
points.  This  is  also  illustrated  in  the  figures.  The  Kolmogorov-Smimov  (K-S)  goodness-of-fit 
test  was  then  applied  to  the  forced  line.  The  intent  of  this  step  was  to  determine  the  degree  of  error 
resulting  from  the  exponential  assumption.  To  apply  the  test,  the  value  of  the  D  statistic,  the 
largest  deviation  of  observed  from  expected  or  theoretical  value  is  compared  to  standard  tables  of 
critical  values  at  some  predetermined  level  of  significance  (in  this  case  0.2).  If  D  exceeds  the 
critical  value,  it  can  be  concluded  that  the  observations  do  not  fit  the  theoretical  distribution. 
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FIGURE  6:  WEIBULL  PLOT  OF  HIGH  TEMPERATURE  OPERATING  LIFE 

DATA  FOR  GaAs  LASER  DIODES 
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FIGURE  7:  WEIBULL  PLOT  OF  HIGH  TEMPERATURE  OPERATING  LIFE 

DATA  FOR  GaAs  LASER  DIODES 


FIGURE  8:  WEIBULL  PLOT  OF  HIGH  TEMPERATURE  OPERATING  LIFE 

DATA  FOR  GaAs  LASER  DIODES 
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FIGURE  9:  WEIBULL  PLOT  OF  HIGH  TEMPERATURE  OPERATING  LIFE 
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FIGURE  10:  WEIBULL  PLOT  OF  HIGH  TEMPERATURE  OPERATING  LIFE 

DATA  FOR  GaAs  LASER  DIODES 
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FIGURE  11:  WEIBULL  PLOT  OF  HIGH  TEMPERATURE  OPERATING  LIFE 

DATA  FOR  GaAs  FETs 
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FIGURE  12:  WEIBULL  PLOT  OF  HIGH  TEMPERATURE  OPERATING  LIFE 

DATA  FOR  GaAs  FETs 
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FIGURE  13:  WEIBULL  PLOT  OF  HIGH  TEMPERATURE  OPERATING  LIFE 
DATA  FOR  HIGH  POWER  PULSED  IMPATT  DIODES 
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FIGURE  14:  WEIBULL  PLOT  OF  HIGH  TEMPERATURE  OPERATING  LIFE 
DATA  FOR  HIGH  POWER  PULSED  IMPATT  DIODES 
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FIGURE  15:  WEIBULL  PLOT  OF  HIGH  TEMPERATURE  OPERATING  LIFE 

DATA  FOR  (AlGa)  AS  LASERS 
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FIGURE  16:  WEIBULL  PLOT  OF  HIGH  TEMPERATURE  OPERATING  LIFE 
DATA  FOR  IN  GaAs  P/ln  P  DH  LASERS 
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FIGURE  18:  WEIBULL  PLOT  OF  HIGH  TEMPERATURE  OPERATING  LIFE 

DATA  FOR  GaAs  POWER  FETs 
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FIGURE  19:  WEIBULL  PLOT  OF  HIGH  TEMPERATURE  OPERATING  LIFE 

DATA  FOR  LOW  NOISE  GaAs  FETs 
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FIGURE  20:  WEIBULL  PLOT  OF  HIGH  TEMPERATURE  OPERATING  LIFE 

DATA  FOR  LOW  NOISE  GaAs  FETs 


19 


001 _ 

101  10*  10*  ’O' 

T1MC/S  TRESS  AXIS  (HOURS) 

FIGURE  23:  WEIBULL  PLOT  OF  HIGH  TEMPERATURE  OPERATING  LIFE 

DATA  FOR  LOW  NOISE  GaAs  FETs 
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FIGURE  24:  WEIBULL  PLOT  OF  HIGH  TEMPERATURE  OPERATING  LIFE 

DATA  FOR  LOW  NOISE  GaAs  FETs 
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FIGURE  25:  WEIBULL  PLOT  OF  HIGH  TEMPERATURE  OPERATING  LIFE 

DATA  FOR  LOW  NOISE  GaAs  FETs 


22 


Gfherwise,  it  can  be  assumed  that  the  observed  distribution  is  not  significantly  different  from  the 
exponential  model.  None  of  the  data  sets  was  significantly  different  from  the  exponential  model  at 
20%  significance.  This  implies  that  the  available  data  does  not  indicate  deficiencies  with  the 
exponential  assumption.  The  results  of  the  Kolmogorov- Smirnov  test  (KS)  are  presented  in  Table 
5. 


TABLE  4:  OBSERVED  WEIBULL  PARAMETERS 


Figure  # 

Ref# 

TemDerature  C°C)0) 

£ 

QL 

- 

2 

200  (Tc) 

1.15 

600 

6 

3 

70  (Tc) 

.69 

4,400 

7 

3 

55  (Tc) 

1.25 

8,000 

8 

3 

70  (Tc) 

.82 

5,200 

9 

3 

70  (Tc) 

.95 

230 

10 

3 

70  (Tc) 

.57 

10,000 

11 

4 

245  (Tc) 

1.10 

950 

12 

4 

231  (Ta) 

1.60 

580 

13 

5 

90  (Tc)  220  (Tj) 

1.15 

1,300 

14 

5 

90  (Tc)  220  (Tj) 

.75 

2,000 

15 

6 

70  (Ta) 

.87 

8,000 

16 

7 

20  (Tc) 

1.05 

6,000 

17 

8 

300  (Tj) 

1.60 

4,000 

18 

9 

228  (Tj) 

1.00 

2,700 

19 

10 

200  (Ta) 

1.20 

1,600 

20 

10 

200  (Ta) 

.73 

1,500 

21 

10 

220  (Ta) 

1.00 

500 

22 

10 

220  (Ta) 

1.32 

700 

23 

10 

85  (Ta) 

.85 

3,100 

24 

10 

120  (Ta) 

1.00 

2,100 

25 

10 

240  (Ta) 

1.46 

1,200 

NOTES:  (1)  Tc  =  case  temperature 

Ta  =  ambient  temperature 
Tj  =  junction  temperature 

_ Reliability  Analysis  Center,  Griffiss  AFB,  NY  13441 
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Otherwise,  it  can  be  assumed  that  the  observed  distribution  is  not  significantly  different  from  the 
exponential  model.  None  of  the  data  sets  was  significantly  different  from  the  exponential  model  at 
20%  significance.  This  implies  that  the  available  data  does  not  indicate  deficiencies  with  the 
exponential  assumption.  The  results  of  the  Kolmogorov-Smimov  test  (KS)  are  presented  in  Table 
5. 


TABLE  4:  OBSERVED  WEIBULL  PARAMETERS 


Fiaure  # 

Ref# 

Temperature  (°C)(1) 

£ 

£L 

5 

2 

200  (Tc) 

1.15 

600 

6 

3 

70  (Tc) 

.69 

4,400 

7 

3 

55  (Tc) 

1.25 

8,000 

8 

3 

70  (Tc) 

.82 

5,200 

9 

3 

70  (Tc) 

.95 

230 

10 

3 

70  (Tc) 

.57 

10,000 

11 

4 

245  (Tc) 

1.10 

950 

12 

4 

231  (Ta) 

1.60 

580 

13 

5 

90  (Tc)  220  (Tj) 

1.15 

1,300 

14 

5 

90  (Tc)  220  (Tj) 

.75 

2,000 

15 

6 

70  (Ta) 

.87 

8,000 

16 

7 

20  (Tc) 

1.05 

6,000 

17 

8 

300  (Tj) 

1.60 

4,000 

18 

9 

228  (Tj) 

1.00 

2,700 

19 

10 

200  (Ta) 

1.20 

1,600 

20 

10 

200  (Ta) 

.73 

1,500 

21 

10 

220  (Ta) 

1.00 

500 

22 

10 

220  (Ta) 

1.32 

700 

23 

10 

85  (Ta) 

.85 

3,100 

24 

10 

120  (Ta) 

1.00 

2,100 

25 

10 

240  (Ta) 

1.46 

1,200 

NOTES:  (1)  Tc  =  case  temperature 

Ta  =  ambient  temperature 
Tj  =  junction  temperature 

_ Reliability  Analysis  Center,  Griffiss  AFB,  NY  13441 
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TABLE  5:  D  STATISTIC  TEST  RESULTS 


Figure  #  Ref.  # 


#  of 
Failur 


Maximum 

Deviation 


D  Statistic  (0.2 
ican 


WMiallllaMii 


Based  on  the  results  of  the  K-S  test,  it  was  assumed  that  the  failure  distributions  of  the 
semiconductor  devices  analyzed  could  be  described  by  a  Weibull  distribution  with  a  slope  of  1.0. 
Assuming  anything  other  than  a  constant  failure  rate  would  introduce  unnecessary  complexity  into 
the  prediction  models.  The  observed  time-to-failure  distributions  were  accurately  represented  by 
an  exponential  distribution  over  the  range  of  variables  in  the  data.  Additionally,  as  many  different 
time-dependent  failure  mechanism  distributions  are  summed  (since  a  device  can  be  susceptible  to 
several  failure  mechanisms  at  one  time)  an  exponential  distribution  often  results. 
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Time-to-failure  data  was  not  available  for  all  discrete  semiconductor  device  types.  It  was 
therefore  reasonable  to  assume  that  the  times-to-failure  of  other  discrete  semiconductor  part  types 
would  follow  the  same  distribution.  There  was  no  evidence  in  the  literature  that  any  discrete 
semiconductor  part  types  should  differ  from  those  with  available  times-to-failure.  Furthermore, 
the  part  types  analyzed  represent  a  diverse  cross-section  of  all  part  types,  since  they  include  both 
Field  Effect  and  Bipolar  devices  and  members  from  the  transistor,  diode,  and  optoelectronic 
groups. 

2.3  DSR-3/DSR-4  DATA  COMPARISON 

Significant  design  and  processing  technology  advances  have  been  made  over  the  past  10-15 
years  in  the  semiconductor  industry.  To  examine  the  influence  of  these  changes  on  semiconductor 
device  failure  rates,  the  data  in  this  publication  was  compared  with  data  from  similar  applications 
and  part  types  in  DSR-3,  its  predecessor.  The  results  of  this  comparison  are  presented  in  Table  6. 
Overall  there  seems  to  be  a  general  improvement  in  observed  failure  rates.  TTie  three  cases  where 
DSR-4  failure  rates  are  worse  than  the  corresponding  DSR-3  number  represent  part  types  for 
which  the  failure  rate  should  probably  have  stabilized  and  the  result  is  simply  a  statistical 
aberration.  Of  particular  interest  is  the  DSR-3  to  DSR-4  commercial  device  data  comparison,  since 
these  values  are  from  the  same  data  sources  thereby  negating  some  of  the  variations  due  to  data 
collecting  practice,  and  application-related  effects. 


Table  6: 

DSR-3*  vs 

.  DSR-4** 

Component  Failure  Rate 

(failures/106 

hours)  Comparison 

DSR-3 

DSR-4 

DSR-3 

DSR-4 

Device  Type 

Airborne 

Airborne 

Ratio 

Commercial 

Commercial 

Ratio 

DIODE 

Small  Signal  Switching 

0.046 

0.085 

0.53 

— 

Rectifier 

5.833 

0.2127 

27.41 

0.1165 

0.056 

2.06 

Rectifier,  Fast  Recovery 

0.4629 

0.2671 

1.73 

— 

— 

— 

Zener 

1.4905 

0.1433 

10.32 

0.1772 

0.123 

1.43 

Current  Regulator 

— 

— 

0.147 

— 

V  aristor/S  uppressor 

34.4827 

1.2225 

28.30 

— 

— 

Tunnel 

— 

0.2511 

— 

— 

0.207 

Varactor 

— 

— 

0.0886 

0.235 

0.37 

TRANSISTOR 

■PM 

■PMi 

MUM 

Bipolar,  <  5W 

2.6001 

MBHl 

6.89 

mSSm 

■EM 

2.40 

Bipolar,  >=5 

11.9134 

WmSm 

14.05 

wmstm 

fflSM 

2.66 

Field  Effect 

8.9285 

22.58 

0.189 

2.49 

Unijunction 

— 

— 

— 

mam 

0.307 

1.24 

Darlington 

— 

0.8120 

— 

mBESM I 

— 

THYRISTOR 

1.2432 

4.6824 

0.26 

0.6007 

0.175 

3.41 

OPTOELECTRONIC 

LED 

.  -  - 

— 

— 

0.1656 

0.003 

46.09 

*  DATA  VINTAGE  1968-1978 

**  DATA  VINTAGE  1976-1987 

---  INSUFFICIENT  DATA 

Reliability  Analysis  Center,  Griffiss  AFB,  NY 

13441 
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2.4  DI-RATING  EFFECTS 


The  benefits  of  electrical  parameter  derating  on  discrete  semiconductor  device  reliability 
have  been  well  documented  (Ref.  11,  12).  Since  data  collected  on  the  ARN-118  was 
complemented  with  a  detailed  NlIF-HDBK-217  part  stress  analysis  performed  on  that  same 
equipment,  electrical  stress  levels  were  available  for  bipolar  transistors  and  diodes.  The 
knowledge  of  electrical  stress  levels  combined  with  detailed  part-levei  failure  experience  data 
facilitated  the  analysis  of  Vcc  derating  for  bipolar  transistors  and  Vr  derating  for  small  signal  and 
rectifier  diodes. 

The  analysis  was  performed  by  linear  regression  of  failure  rate  against  voltage  stress. 
Transformations  were  performed  on  the  failure  rate  and  stress  variables  to  provide  results  in  one  of 
two  forms: 


or 


Failure  rate  exp  ( a i  V s ) 
Failure  rate  oc  (Vs)a2 


where  ai  and  a;  are  regression  constants  and  Vs  is  the  applied  voltage  stress  level.  The  form  w  ith 
the  best  R2  value  for  each  device  type  would  be  determined  from  the  analysis.  The  effects  of 
temperature  and  environment,  which  are  not  the  same  for  all  data  within  the  ARN- 1 1 8  dataset  since 
it  is  from  several  aircrafts,  were  normalized  out  assuming  current  MIL-HDBK-217E  factors  to  be 
correct. 


Voltage  stress  indeed  proved  to  have  a  significant  effect  on  failure  rate  for  high  power 
(>5W)  bipolar  transistors.  This  effect  was  not  evident  in  the  low  power  bipolar  transistor  data 
collected.  However,  from  a  theoretical  perspective,  derating  should  also  benefit  low  power 
devices.  Most  likely,  the  comparatively  low’er  failure  rates  and  the  associated  higher  failure  rate 
variability  in  the  data  prevented  the  confirmation  of  such  a  factor.  A  relationship  between  voltage 
stress  and  failure  rate  is  also  evident  in  the  data  for  signal  and  rectifier  diodes. 

The  results  of  the  regression  analysis  for  transistors  is: 


Failure  rate  exp  (3.1  Vs)  R2  =  .40  [0<VS<1.0| 

where  Vs  is  Vot/VCeo.  The  lower  and  upper  95%  confidence  interval  values  about  "ai"  are  1 .72 
and  4.56  respectively.  This  relationship  is  depicted  in  Figure  26. 

The  result  for  small  signal  and  rectifier  diodes  is: 

Failure  rate  -  (Vs)2-4  R2  =  .45  |()  <  V :  <1 ,0| 

where  Vs  is  the  reverse  voltage  stress.  The  lower  and  upper  95%  confidence  values  ubout  "ai”  are 
.96  and  2.45  respectively.  This  relationship  is  depicted  in  Figure  27. 

Although  insufficient  data  wsis  available  to  analyze  the  effects  of  derating  for  device  types 
other  than  bipolar  transistors,  small  signal  ditxies  and  rectifiers,  it  is  anticipated  that  given 
sufficient  data  for  other  parts  in  this  publication,  the  benefits  of  derating  would  be  further 
exemplified.  The  relationships  presented  are  only  valid  within  the  range  of  stresses  found  in  the 
data  analyzed.  This  would  include  stress  values  from  .1  to  1  0,  and  would  not  include  overstress 
conditions. 
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FIGURE  26:  FAILURE  RATE  vs.  VOLTAGE  STRESS  FOR  HIGH  POWER 

BIPOLAR  TRANSISTORS 


FIGURE  27:  FAILURE  RATE  vs.  VOLTAGE  STRESS  FOR  SIGNAL  AND 

RECTIFIER  DIODES 
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3.0  FAILURE  MODE  AND  MECHANISM  DATA 


This  section  presents  quantitative  distributions  of  failure  modes  and  failure  mechanisms  for 
transistors,  diodes,  liquid  crystal  displays  and  photovoltaic  modules. 

Failure  mode  here  refers  to  the  externally  detectable  effect  of  a  part  failure.  Failure 
mechanism  generally  refers  to  the  chemical  or  physical  process  which  caused  the  part  to  fail.  An 
extended  definition  is  used  herein,  due  to  limitations  in  the  available  data,  which  includes  the 
physical  location  of  the  defect  or  failure  within  a  device. 

The  transistor  and  diode  data  presented  in  Tables  7  through  10  and  Figures  28  and  29  has 
been  compiled  from  repons  of  reliability  demonstration  tests  conducted  in  accordance  with  MIL- 
STD-781.  All  testing  and  device  failures  were  therefore  conducted  and  evaluated  against  similar 
criteria.  Only  primary,  verified  failures  were  included  in  the  data.  Additionally  no  failures 
resulting  from  mishandling  or  overstress  conditions  were  included.  Data  from  reliability 
demonstration  test  reports  included  in  DSR-3  which  met  the  above  criteria  was  included  along  with 
new  data  collected  since  that  publication. 

Insufficient  detail  was  available  to  determine  if  the  individual  parts  represented  in  these 
analyses  were  hermetically  sealed  or  plastic  encapsulated.  Differences  in  distributions  of  failure 
modes  and  mechanisms  would  be  expected  depending  upon  many  factors,  including  hermeticity. 
However,  since  all  diode  and  transistor  failure  mode/mechanism  data  was  taken  from  military 
equipments,  it  can  be  assumed  that  the  vast  majority  of  the  parts  were  hermetically  sealed. 

Table  1 1  and  Figure  30  present  failure  mode  and  mechanism  data  on  a  liquid  crystal 
displays.  This  data  should  be  viewed  with  scrutiny  in  comparison  with  other  similar  parts  since  it 
is  from  a  single,  reliable  data  source  on  a  single  part  type.  This  data  was  included  here  because  of 
the  general  lack  of  such  information  within  the  industry.  However,  significantly  more  data  must 
be  collected  before  any  general  conclusions  can  be  made  about  the  failure  behavior  of  liquid  crystal 
displays. 

Table  12  and  Figure  31  present  available  failure  mode  data  on  photovoltaic  cell  modules. 
This  data  was  compiled  from  5  experimental  test  sites  across  the  United  States  in  a  program 
sponsored  by  the  United  States  Department  of  Energy  (Reference  13)  and  used  with  permission  of 
IEEE. 

The  information  in  these  tables  and  figures,  particularly  those  relating  to  failure  modes,  will 
be  beneficial  to  engineers  performing  Failure  Modes,  Effects  and  Criticality  Analysis  (FMECAs)  in 
the  evaluation  of  system  designs. 

TABLE  7:  DIODE  FAILURE  MODES 


MODE 

QUANTITY 

% 

NORMALIZED 

% 

Open 

12 

20.7 

23.5 

Short 

10 

17.2 

19.6 

Degraded 

8 

13.8 

15.7 

Intermittent 

21 

36.2 

41.2 

Unknown 

7 

12.1 

Reliability  Analysis  Center,  Griffiss  AFB,  NY  13441  j 
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DIODE  FAILURE  MODE  DISTRIBUTION 


FIGURE  28:  DIODE  FAILURE  MODE  DISTRIBUTION 


TABLE  8:  DIODE  FAILURE  MECHANISMS/LOCATION 


MECHANISM/ 

LOCATION 

QUANTITY 

% 

NORMALIZED 

% 

Wire  Bond 

2 

5.6 

8.7 

Broken  Wire 

1 

2.8 

4.3 

Contamination 

2 

5.6 

8.7 

Cracked  Die 

4 

11.1 

17.4 

Cracked  Glass  Case 

10 

27.8 

43.5 

Lifted  Wire 

1 

2.8 

4.3 

Package 

1 

2.8 

4.3 

Whisker  Alignment 

2 

5.6 

8.7 

Unknown 

13 

36.1 

Reliability  Analysis  Center,  Griffiss  AFB,  NY  13441 
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TABLE  9:  TRANSISTOR  FAILURE  MODES 


NORMALIZED 


MODE 

QUANTITY 

% 

% 

Open 

49 

52.1 

56.3 

Short 

17 

18.1 

19.5 

Degraded 

14 

15.0 

16.1 

Intermittent 

7 

7.4 

8.0 

Unknown 

7 

7.4 

— 

Reliability  Analysis  Center,  Griffiss  AFB,  NY  13441 


TRANSISTOR  FAILURE  MODE  DISTRIBUTION 


Short  18.1% 


Open  52.1% 


Unknown  7.4% 


Intermittent  7.4% 


^ _ ^  Degraded  15.0% 

Reliability  Analysis  Center,  Griffiss  AFB.  NY  13441 


FIGURE  29:  TRANSISTOR  FAILURE  MODE  DISTRIBUTION 
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TABLE  10:  TRANSISTOR  FAILURE  MECHANISM/LOCATION 


MECHANISM/ 

LOCATION 

QUANTITY 

% 

NORMALIZED 

% 

Wire  Bond 

26 

27.7 

43.3 

Die 

7 

7.4 

11.7 

Contamination 

1 

1.1 

1.7 

Lifted  Die 

1 

1.1 

1.7 

Metallization 

14 

14.9 

23.3 

Oxide  Defect 

3 

3.2 

5.0 

Interconnect 

8 

8.5 

13.3 

Unknown 

34 

36.1 

Reliability  Analysis  Center,  Griffiss  AFB,  NY  13441 
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TABLE  11:  LIQUID  CRYSTAL  DISPLAY  FAILURE  DISTRIBUTION 


FAILURE  LOCATION  AND 
ASSOCIATED  MODES 

QUANTITY 

% 

Conductive  Epoxy  Interconnect 

Dim  Rows 

44 

33.3 

Flickering  Rows 

22 

16.7 

Missing  Rows 

5 

3.8 

Integrated  Circuit 

Blank  Display 

9 

6.8 

Improper  Characters 

16 

12.1 

Zebra  Strip 

Flashing  Dots 

5 

3.8 

Missing  or  Dim  Columns 

11 

8.3 

Miscellaneous  Manufacturing  Defects 

20 

15.2 

Reliability  Analysis  Center,  Griffiss  AFB,  NY  13441 

LIQUID  CRYSTAL  DISPLAY  FAILURE  MODE  DISTRIBUTION* 


Flickering  Rows  16.7% 


Dim  Rows  33.3% 


l 


Missing  or  Dim  Columns  aJIIIIf  /  I 

83%  l 

Flashing  Dots  3.8% 

Blank  Display  6.8% 

•Based  on  testing  of  3600  32-Character  (5x7  Dot  Matrix)  Liquid  Crystal  Display 


Missing  Rows  3.8% 


Improper  Qiaracters 

12.1% 


Misc.  Mfg  Defects  15.2% 


Reliability  Analysis  Center,  Griffiss  AFB,  NY  13441 


FIGURE  30:  LIQUID  CRYSTAL  DISPLAY  FAILURE  MODE  DISTRIBUTION 
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TABLE  12:  PHOTOVOLTAIC  CELL  MODULES  FAILURE  DISTRIBUTION 


FAILURE  TYPE 

QUANTITY 

% 

Interconnect  Fractures 

64 

18.4 

Unsoldered  Interconnects 

30 

8.6 

Cracked  Cells 

117 

33.6 

Dielectric  Breakdown 

31 

8.9 

Encapsulant  Delamination 

77 

22.1 

Wire  and  Terminal  Corrosion 

21 

6.1 

Exposed  Interconnects 

8 

2.3 

Reliability  Analysis  Center,  Griffiss  AFB,  NY  13441 

PHOTOVOLTAIC  CELL  ARRAY  FAILURE  MODE  DISTRIBUTION* 


Exposed  Interconnects 
2.3% 


•  (C)  19H2  IKKR,  with  permission  from  Dumes.  L.  and  S.  Shumka,  "Photovoltaic 
Module  Reliability  Improvements  Through  Application  Testing  and  Failure  Analysis." 

IfiKE  Transactions  on  Reliability,  Vol  R-31,  No.  3.  August  1982.  p  234  Reliability  Analysis  Center,  Griffiss  AFB,  NY  13441 


FIGURE  31:  PHOTOVOLTAIC  CELL  ARRAY  FAILURE  MODE  DISTRIBUTION 
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4.0  DETAILED  DATA 


This  section  presents  the  detailed  failure  rate  data  for  diodes,  transistors,  thyristors  and 
optoelectronics,  in  that  order.  Descriptions  of  the  various  column  entries  are  given  in  Section  1.0, 
"User's  Guide  to  DSR-4."  Each  of  the  four  part  categories  (diodes,  transistors,  thyristors  and 
optoelectronics)  are  broken  down  into  subcategories  which  further  define  the  part  type.  For 
example,  under  the  diode  listing  are:  small  signal  switching,  small  signal  general  purpose, 
rectifier,  fast  recovery,  etc.  These  subcategories  are  listed  below.  Within  each  subcategory,  part 
level  data  is  listed  in  order  by  test  type  (life  then  field)  and  then  by  generic  part  number. 

The  data  fields  and  associated  field  values  in  the  detailed  data  section  are  explained  below: 

Diode 

Small  Signal,  Switching 
Small  Signal,  General  Purpose 
Rectifier 

Rectifier,  Fast  Recovery 
Rectifier,  Bridge,  Full  Wave 
Zener 

Zener,  Voltage  Regulator 
Zener,  Voltage  Reference 
Current  Regulator 
Transient  Suppressor 
Microwave,  Tunnel 
Microwave,  Schottky  Barrier 
Microwave,  PIN 
Microwave,  Varactor 
Microwave,  GUNN  Effect 
Microwave,  IMPATT 

Transistor 

Bipolar,  NPN 
Bipolar,  PNP 

Field  Effect,  Junction,  N-channel 
Field  Effect,  Junction,  P-channel 
Field  Effect,  MOS,  N-channel 
Field  Effect,  MOS,  P-channel 
Unijunction 

Microwave/RF,  Field  Effect 
Microwave/RF,  Bipolar 
Multiple,  Complementary  Pair 
Multiple,  Darlington 
Multiple,  Matched  Pair 
Special  Function,  Chopper 

Thyristor 

Thyristor 

SCR 

TRIAC 

Triode,  Trigger 
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Optoelectronic 

Emitter,  Single  LED 
Emitter,  Single  LED,  Infrared 
Emitter,  LED  Array 
Emitter,  Laser  Diode 
Sensor,  Photodiode 
Sensor,  Phototransistor 
Photocoupler, 

Photocoupler,  Phototransistor  Output 
Photocoupler,  Photodarlington  Output 
Photocoupler,  IC  Output 
Alphanumeric  Display,  LED,  Segment  Type 
Alphanumeric  Display,  LED,  Array  Type 
Alphanumeric  Display,  Liquid  Crystal 
Photovoltaic  Module 


The  data  fields  and  associated  field  values  in  the  detailed  data  section  are  described  below: 


Field 

Part  Number 

Slash  Number 

Equipment  Reference 

Package  Type 
Semi.  Material 


Quality  Level 


Description 

The  basic  device  part  number  plus  suffix.  "  indicates 
unknown  part  number. 

The  MIL-slash  number  according  to  MIL-S- 19500,  Military 
Specification:  Semiconductor  Device.  General  Specification 
for.  indicates  an  unknown  MIL-slash  number. 

The  system/equipment  nomenclature  from  which  the  data 
was  obtained.  All  data  sources  are  described  in  detail  in 
Section  5.0.  For  test  data,  N/A  refers  to  not  applicable. 

The  outline  package  reference  designation.  ' "  indicates 

unknown  drawing  number. 

The  semiconductor  material  the  component  is  fabricated 
from: 

Unknown 

Si  Silicon 

Ge  Germanium 

GaAs  Gallium-Arsenide 

GaP  Gallium  Phosphide 

GaAsP  Gallium-Arsenide-Phosphide 

AlGaAs  Aluminum-Gallium-Arsenide 

A  factor  describing  both  the  screen  level  and  package 
hermiticity  of  the  device  as  described  in  MIL-S- 19500 
including:  JANTXV,  JANTX,  JAN,  Lower  (Commercial 
Hermetic)  and  Plastic  (Commercial  Plastic  Encapsulated) 
indicates  unknown  quality  level.  In  addition,  the 
following  quality  levels  were  employed  to  further 
characterize  non-MIL-S- 19500  part  types: 
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Field 

Quality  Level  (cont'd) 


App  Env 


Temp 


Description 


JTXEQU  -  Screening  equivalent  to  JANTX  level  for 
NON-QPL  parts 

JANEQU  -  Screening  equivalent  to  JAN  level  for 
NON-QPL  parts 


HERMETIC  -  Hermetically  packaged  laser  diode 

FACET  COAT  -  Laser  diode  with  Facet  Coating  and 
non  hermetic  package 


The  MIL-HDBK-217E-type  application  environment  coded 

as: 


Application  Environment 

Code 

Unknown 

— 

Ground  Benign 

GB 

Ground  Fixed 

GF 

Ground  Mobile 

GM 

Man  Pack 

MP 

Naval  Sheltered 

NS 

Naval  Unsheltered 

NU 

Naval  Undersea  Unsheltered 

NUU 

Naval  Hydrofoil 

NH 

Airborne  Inhabited 

AI 

Airborne  Inhabited  Cargo 

AIC 

Airborne  Inhabited  Trainer 

ATT 

Airborne  Inhabited  Bomber 

Affi 

Airborne  Inhabited  Attack 

AIA 

Airborne  Inhabited  Fighter 

AIE 

Airborne  Uninhabited 

AU 

Airborne  Uninhabited  Cargo 

AUC 

Airborne  Uninhabited  Trainer 

AUT 

Airborne  Uninhabited  Bomber 

AUB 

Airborne  Uninhabited  Attack 

AUA 

Airborne  Uninhabited  Fighter 

AUF 

Airborne  Rotary  Winged 

ARW 

Missile  Launch 

ML 

Cannon  Launch 

CL 

Undersea  Launch 

UL 

Missile  Free  Flight 

MFF 

Airbreathing  Missile  Flight 

MFA 

The  temperature  in  degrees  Centigrade  associated  with  the 
device  failure.  An  "A"  following  the  entry  indicates 
ambient  temperature,  "C"  indicates  case,  and  "J" 
indicates  junction  temperature.  indicates  unknown 
temperature. 
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Field 


Description 


Rated  Current 


Rated  Power 


Voltage  Stress 


Current  Stress 


The  current  rating  in  Amperes  of  the  device.  This  value  is 
given  for  diodes,  thyristors  and  optoelectronic  devices  as 
follows: 

Small  Signal,  Switching  Diode,  forward  current  (If) 

Small  Signal,  General  Purpose  Diode,  forward  current  (10 

Rectifier  Diode,  forward  current  (10 

Zener  Diode,  dynamic  impedance  current  (Iz) 

Thyristors,  maximum  static  on- state  current  (10 
LED,  forward  current  (10 
Laser  Diode,  forward  current  (10 
Sensor,  Photodiode,  forward  current  (10 
Sensor,  Phototransistor,  collector  current  (Ic) 

Photocoupler,  forward  current  (10 
indicates  unknown 

The  maximum  rated  power  dissipation  in  Watts.  This  value 
is  given  for  transistors,  and  photovoltaic  cell  arrays.  " 
indicates  unknown. 

The  applied  divided  by  the  rated  voltage  for  the  device. 
Stresses  given  are  for  the  following  parameters: 

Small  Signal,  Switching  Diode,  working  peak  reverse 
voltage  (Vrwm) 

General  Purpose  Diode,  working  peak  reverse  voltage 
(Vrwm) 

Rectifier  Diode,  working  peak  reverse  voltage  (Vrwm) 

"  indicates  unknown 

The  applied  divided  by  the  rated  current  for  the  device. 
Stresses  are  given  for  the  following  parameters: 

Small  Signal,  Switching  Diode,  average  forward  current  (If) 

Small  Signal,  General  Purposed  Diode,  average  forward 
current  (If) 

Rectifier  Diode,  average  forward  current  (If) 
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Field 


Description 


Current  Stress  (cont'd) 


Freq.  Band 


Duty  Cycle 
Character  Count 


Thyristor,  maximum  static  on-state  current  (It) 

Bipolar  Transistor,  collector  current  (Ic) 

Field  Effect  Transistor,  reverse  gate  current  (Igss) 
Unijunction  Transistor,  emitter  current  (Ie) 

LED,  forward  current  (If) 

Laser  Diode,  forward  current  (If) 

Sensor,  Photodiode,  forward  current  (If) 

Sensor,  Phototransistor,  collector  current  (Ic) 
Photocoupler,  forward  current  (If) 

"  indicates  unknown 

Operating  frequency  for  microwave  devices  coded 
as  follows: 

Approximate  Band  (Code)  Frequency  (GH7) 


— 

Unknown 

<  1GHz 

<1  GHz 

L 

1  -  1.9 

S 

2  -  3.9 

C 

4-7.9 

X 

8  -  11.9 

Ky 

12  -  17.9 

K 

18  -  25.9 

Kq 

26  -  39.9 

Q 

40  -  49.9 

V 

50  -  54.9 

w 

55  -  99.9 

D 

100-  149.9 

G 

150  -  199.9 

Y 

200  -  249.9 

** 

>  250.0 

Percentage  of  time  the  device  is  under  electrical  stress. 

"  indicates  unknown  duty  cycle. 

The  number  of  characters  present  in  a  optoelectronic 
alphanumeric  display.  indicates  unknown  character 
count. 
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Field  Description 

Diode  Count  The  number  of  LEDs  comprising  an  optoelectronic  array  or 

alphanumeric  display.  "  indicates  unknown  diode  count. 

Vcx  Open  circuit  voltage  for  photovoltaic  modules.  "  indicates 

unknown. 

Isc  Short  circuit  current  for  photovoltaic  modules.  "  indicates 

unknown. 

Number  Tested  Quantity  of  parts  under  the  described  test  or  field  conditions 

for  that  data  point.  "  indicates  unknown  quantity  tested. 

Number  Failed  The  quantity  of  parts  in  the  number  tested  column  which 

failed. 

Part  Flours  The  total  number  of  parts  tested  multiplied  by  the  total 

operating  hours 

Failure  Rate  The  total  quantity  of  failures  divided  by  the  total 

quantity  of  part  hours  for  records  with  failures. 

Units  are  failures  per  1()6  operating  hours. 
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KAC  Discrete  Semiconductor  Device  Database 
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Test  Type  :  FIELD 

Device  :  DIOOE,  ZENER,  VOLTAGE  REGULATOR  (CONTINUED  FROM  PREVIOUS  PAGE) 
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Test  Type  :  FIELD 

Device  :  OIOOE,  ZENER,  VOLTAGE  REGULATOR  (CONTINUED  FROM  PREVIOUS  PAGE) 
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1N750A  127  AN/ARN- 118  D07  Si  JANTX  AU8  71A  --  --  ••  376  0  0.568738 
1N750A  127  AN/ARN- 118  D07  Si  JANTX  AUA  71A  --  --  --  651  0  0.504987 
1N750A  127  AN/ARN - 1 18  D07  Si  JANTX  AUF  71A  --  --  --  1451  0  0.84  9786 
1N750A  127  AN/BRD-7  007  Si  JANTX  NSB  25A  112  0  0.355580 
1*751 • 1  127  F-16  FCC  A1  Si  JANTX  AIF  40A  --  --  18506  0  8.077900 


Test  Type  :  FIELD 

Device  :  DIODE,  ZENER,  VOLTAGE  REGULATOR  (CONTINUED  FROM  PREVIOUS  PAGE) 
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Test  Type  :  FIELD 

Device  :  DIODE,  ZENER,  VOLTAGE  REGULATOR  (CONTINUED  FROM  PREVIOUS  PAGE) 
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1N972B  117  AN/ ARN - 1 18  D07  Si  JANTX  AUA  71 A  651  0  0.504987 
1N972B  117  AN/ ARN - 1 18  D07  Si  JANTX  AUF  71A  --  1451  0  0.849786 
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Test  Type  :  FIELD 

Device  :  DIOOE,  ZENER,  VOLTAGE  REGULATOR  (CONTINUED  FROM  PREVIOUS  PAGE) 
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Test  Type  :  FIELD 

Device  :  DIOOE,  ZENER,  VOLTAGE  REFERENCE  (CONTINUED  FROM  PREVIOUS  PAGE) 
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Test  Type  :  FIELD 
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Test  Type  :  FIELD 

Device  :  TRANSISTOR,  BIPOLAR,  NPN  (CONTINUED  FROM  PREVIOUS  PAGE) 
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Device  :  TRANSISTOR,  BIPOLAR,  NPN  (CONTINUED  FROM  PREVIOUS  PAGE) 
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Test  Type  :  TEST 

Device  :  TRANSISTOR,  MlCROUAVE/RF,  FIELD  EFFECT 
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Test  Type  :  FIElO 

Device  :  THYRISTOR,  SCR  (SILICON  CONTROLLED  RECTIFIER) 


Test  Type  :  FIELD 

Device  :  OPTOELECTRONIC  DEVICE,  EMITTER,  SINGLE  LED 
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Test  Type  :  TEST 

Device  :  OPTOELECTRONIC  DEVICE,  EMITTER,  LED  ARRAY  (CONTINUED  FROM  PREVIOUS  PAGE) 
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Test  Type  :  FIELD 

Device  :  OPTOELECTRONIC  DEVICE,  ALPHA  NUMERIC  DISPLAY,  LED,  SEGMENT  TYPE 
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Test  Type  :  FIELD 

Device  :  OPTOELECTRONIC  DEVICE,  ALPHA  NUMERIC  DISPLAY,  LED,  ARRAY  TYPE 
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Test  Type  :  FIELD 

Device  :  OPTOELECTRONIC  DEVICE,  SENSOR,  PHOTOVOLTAIC  MOOULES 
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5.0  DATA  SOURCES 


Discrete  semiconductor  devices  are  employed  in  essentially  all  military  and  commercial 
electronic  equipments.  The  sheer  magnitude  of  the  available  equipments,  each  a  potential  candidate 
for  discrete  semiconductor  device  data  collection,  is  overwhelming.  For  this  reason,  numerous 
data  sources  were  evaluated  based  upon  a  predetermined  set  of  evaluation  criteria,  and  the  best  of 
these  sources  were  pursued  further  for  data. 

The  evaluation  criteria  imposed  were: 

( 1 )  Data  available  to  the  part  level 

(2)  Primary  failures  can  be  separated  from  total  maintenance  actions 

(3)  Sufficient  detail  surrounding  the  failure  conditions 

(4)  Pan  hours  can  be  precisely  determined 

(5)  Sufficient  equipment  hours  to  expect  discrete  semiconductor  failures 

(6)  Age  of  data 

(7)  Existence  of  low  population  and  state-of-the-art  parts 

(8)  Application  environment 

(9)  Diversity  of  discrete  semiconductor  part  types 

The  data  source  selection  task  resulted  in  selection  of  a  core  group  of  sources  w  ith  known 
failure  reporting  accuracy. 

A  major  area  of  interest  was  Reliability  Improvement  Warranty  (RIW)  program  data. 
Equipments  procured  under  RIW  contract  are  subjected  to  more  thorough  failure  diagnosis.  Also, 
failure  documentation  is  much  more  complete  than  the  data  available  through  other  automated 
military  data  retrieval  systems.  Applicable  RIW  equipments  used  for  this  effort  are  the  AN/ARN- 
1 18,  the  F- 16  Heads-Up-Display  and  the  F-16  Flight  Control  Computer. 

Each  field  data  source  selected  is  described  in  detail  in  Table  13.  Data  Sources  1  through  5 
are  the  principle  sources  of  failure  data  for  this  book,  providing  over  90%  of  the  data.  Sources  6 
through  15  were  selected  specifically  for  microwave  transistor  failure  data. 

In  the  table,  column  one  contains  the  data  source  number  by  which  the  system/equipment 
data  in  column  2  is  referred  to  in  all  figures  and  graphs  in  the  text.  Column  three  is  a  brief 
description  of  the  system/equipment  including  a  complete  description  by  application  environment. 
Column  five  describes  the  data  collection  system  through  which  the  data  was  made  available. 
Although  all  data  sources  were  screened  carefully  according  to  common  criteria,  differences  do 
exist  and  may  cause  natural  biases  within  the  data.  For  example,  all  commercial  data  collected 
(Source  5)  was  first-year  warranty  data.  Over  75  percent  of  this  data  was  from  plastic 
encapsulated  components  which  performed  at  a  given  reliability  level  during  the  warranty  period. 
Flowever,  since  the  main  concerns  with  plastic  devices  is  in  regard  to  their  long-term  reliability 
(Reference  14),  these  concerns  are  not  addressed  by  the  data.  Navy  3M  data  is  on-equipment 
maintenance  data  which  is  often  not  traceable  to  the  precise  part  level,  since  its  intent  is  to 
document  maintenance  activity  and  not  specifically  to  provide  reliability  data.  However,  in  the  case 
of  the  BRD-7  (Source  4),  the  Navy  combined  these  maintenance  actions  with  careful  reporting 
practices  at  the  depot  level  and  failure  analysis,  with  the  specific  intent  of  providing  pertinent 
reliability  information.  Contractor  internal  data  tracking  (Sources  6-15)  refers  to  on-site  collection 
of  piece-part  failure  data  by  the  contracting  activity.  Contractor  field  test  data  (Source  7)  is  similar, 
with  the  exception  that  the  equipment/system  is  operating  under  fielded  conditions,  not  to 
accomplish  its  intended  mission,  but  to  test  its  ability  to  do  so.  Time  frame  of  the  data  refers  to  the 
period  during  which  the  data  was  generated.  The  temperature  column  gives  an  estimate  of  the 
ambient  temperature  of  the  system  application  with  the  exception  of  the  microwave  transistor  data 
sources  for  which  actual  junction  temperatures  were  available  (indicated  by  a  "J"  following  the 
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temperature  value).  The  quality  level  designator  gives  the  overall  screening  level  and  package 
hermeticitv  of  the  components  within  the  data  source.  All  JAN,  JANTX,  JAN-equivalent,  and 
JANTX-equivalent  components  are  hermetically  sealed.  The  JANTX-equivalent  and  JAN- 
equivalent  quality  levels  refer  to  components,  namely  microwave  transistors,  which  were  screened 
to  all  JANTX  or  JAN  specifications  but  are  not  on  the  QPL  (Qualified  Parts  List)  because  they  are 
special  application-specific  components. 

Although  the  data  collection  efforts  for  this  book  w'ere  concentrated  on  the  collection  of 
field  experience  data,  life  test  data  could  not  be  ignored.  For  example,  life  test  data  was  the  only 
source  of  quantitative  reliability  data  for  GaAs  power  FETs.  Additionally,  test  data  is  an  excellent 
source  of  time-to-failure,  failure  mode/mechanism  and  temperature  dependence  data.  Test  data  was 
pursued  by  making  telephone  contact  with  manufacturers  and  testing  facilities,  and  by  identifying 
documented  sources  of  life  test  data. 

Other  device  types  for  which  significant  life  test  data  was  collected  are  laser  diodes, 
microwave  diodes,  and  photocouplers.  Both  field  and  life  test  data  are  presented  in  the  detailed 
data  section. 

In  addition,  failure  mode  and  mechanism  data  was  collected  from  reliability  demonstration 
test  repons  on  the  following  military  equipments: 

•  Patriot  missile 

•  FPS-1 17  (SEEK  IGLOO) 

•  AN/TRC-176  Radio  Set 

•  OL-275  VRC  Steerable  Null  Processing  Group  (SNAP- 1) 

•  AN/ARN- 1 1 8  Navigation  Set 

Due  to  the  scarcity  of  such  data,  this  new  data  was  carefully  combined  with  the  reliability 
demonstration  data  previously  presented  in  DSR-3.  All  testing  included  was  conducted  in 
accordance  with  MIL-STD-781.  Only  primary  failures  (as  defined  in  MIL-STD-721,  Definitions 
of  Terms  for  Reliability  and  Maintainability)  not  induced  by  mishandling  or  overstress  conditions 
were  included. 

The  exceptions  to  this  are  the  failure  mode/mechanism  data  for  liquid  crystal  displays, 
which  was  obtained  from  a  single  data  source  of  in-house  testing  and  failure  analysis  of  a  single 
display  type;  and  photovoltaic  cell  data  which  was  compiled  from  the  U.S.  Department  of  Energy's 
National  Photovoltaic  Program.  Exceptions  were  made  for  these  devices  due  to  the  scarcity  of 
available  data  and  the  absence  of  MIL-STD-781  type  data  relating  to  them. 
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APPENDIX  B: 


ADDITIONAL  RAC  SERVICES 


PRODUCT  FEE  SCHEDULE 


Price 

Per  Copy 

U.S. 

Non-U. S 

COMPONENT  RELIABILITY  DATABOOKS 

DSR-4 

Discrete  Semiconductor  Device  Reliability  -  1988 

100.00 

120.00 

NPRD-3 

Nonelectronic  Parts  Reliability  Data  1985  -  (Printed  Copy) 

80.00 

90.00 

FNPRD-3 

Diskette  of  NPRD-3  Data  (IBM  PC  Compatible) 

125.00 

135.00 

VZAP-1 

Electrostatic  Discharge  Susceptibility  Data  -  1983 

95.00 

105.00 

MDR-21 

Trend  Analysis  Databook  -  1985 

95.00 

105.00 

MDR-21A 

Field  Experience  Databook  -  1985 

125.00 

135.00 

FMDR-21A 

Diskette  of  MDR-21A  Data  (IBM  PC  Compatible) 

175.00 

185.00 

MDR-22 

Microcircuit  Screening  Analysis  -  1987 

125.00 

135.00 

MDR-22A 

Microcircuit  Screening  Data  -  1987 

75.00 

90.00 

NONOP-1 

Nonoperating  Reliability  Data  -  1987 

150.00 

160.00 

EQUIPMENT  DA  TABOOKS 

EERD-2 

Electronic  Equipment  Reliability  Data  -  1986 

80.00 

95.00 

EEMD-1 

Electronic  Equipment  Maintainability  Data  -  1980 

60.00 

70.00 

HANDBOOKS 

RDH-376 

Reliability  Design  Handbook 

36.00 

46.00 

MFAT-1 

Microelectronics  Failure  Analysis  Techniques  Procedural  Guide 

125.00 

135.00 

NPS-1 

Analysis  Techniques  for  Mechanical  Reliability 

95.00 

115.00 

PRIM-1 

A  Primer  for  DoD  Reliability,  Maintainability  and  Safety  Standards 

PRODUCTS  FOR  PERSONAL  COMPUTERS 

RAC-NRPS 

Nonoperating  Reliability  Prediction  Software 

1400.00 

1450.00 

(Price  includes  NONOP-1  listed  above) 

STATE-OF-THE-ART  REPORTS 

SOAR-2 

Practical  Statistical  Analysis  for  the  Reliability  Engineer 

36.00 

46.00 

SOAR-3 

1C  Quality  Grades:  Impact  on  System  Reliability  and  Life  Cycle  Cost 

46.00 

56.00 

SOAR-4 

Confidence  Bounds  for  System  Reliability 

46.00 

56.00 

SOAR-5 

Surface  Mount  Technology:  A  Reliability  Review 

56.00 

66.00 

SOAR-6 

ESD  Control  in  the  Manufacturing  Environment 

56.00 

66.00 

TECHNICAL  RELIABILITY  STUDIES 

TRS-2 

Search  and  Retrieval  Index  to  IRPS  Proceedings  -  1968  to  1978 

24.00 

34.00 

TRS-2A 

Search  and  Retrieval  Index  to  IRPS  Proceedings  - 1979  to  1984 

24.00 

34.00 

TRS-3A 

EOS/ESD  Technology  Abstracts  -  1982 

36.00 

46.00 

TRS-4 

Search  and  Retrieval  Index  to  EOS/ESD  Proceedings  -  1979  to  1984 

36.00 

46.00 

TRS-5 

Search  and  Retrieval  Index  to  ISTFA  Proceedings  -  1978  to  1985 

36.00 

46.00 

ADDITIONAL  RAC  SERVICES 


Literature  Searches 

Literature  Searches  are  conducted  at  a  flat  fee  of  $50.  For  best  results,  please  call  or  write  for  assistance  in 
formulating  your  search  question.  An  extra  charge,  based  on  engineering  time  and  costs,  will  be  made  for  evaluating, 
extracting  or  summarizing  information  from  the  cited  references. 

Consulting  Services  -  Call  for  Quote! 

Use  order  form  and  send  payment,  (check  or  money  order),  payable  to  IITRI/RAC. 


ORDER  FORM 


ORDERED  BY:  (Please  Print) 

Name: _ 

Company: _ 

Divison: _ 

Address: _ 

City: _ 

State: _ Zip:  _ 

Coui  itiv. _ 

Phone: _ Ext: 


QTY. 

DESCRIPTION 

UNrr  PRICE 

U.S.  NON-US 

TOTAL 

PRIORITY  HANDLING-  INSTRUC 

TIONS  BELOW 

quantity  discount  -  instructions  below 

TOTAL  OF  ORDER . 

MAKE  CHECKS  PAYABLE  TO  IITRI/RAC 


Return  to: 

Reliability  Analysis  Center 
P.O.  Box  4700  •  Rome,  NY  13440-8200 


Place  orders  or  obtain  additional  information  directly  from  the  Reliability  Analysis  Center.  Specify  the  publications  and  services  desired.  Except  for  blanket 
purchase  orders,  prepayment  Is  required  All  Non-U  S.  orders  must  be  accompanied  by  a  check  drawn  on  a  US  bank.  Please  make  checks  payable  to 
IITRI/RAC. 

Priority  Handling  -  Adc  $15.00  per  book  (Non  U.S.)  ‘or  Air  Mail,  add  $3  00  per  book  (U  S.)  for  First  Class. 

Quantity  Discounts  -  are  available,  when  ordering  10  or  more  copies.  For  details  call  or  write  Gina  Nash  at  the  Reliability  Analysis  Center.  P  O.  Box  4700. 
Rome.  NY  13440-8200  (315)337-0900 


Military  Agencies  -  Blanket  Purchase  Agreement,  DD  Form  1 155,  may  be  used  for  ordering  RAC  reports  and/or  services.  Please  indicate  maximum  dollar 
amount  authorized  and  cutoff  date  on  your  order.  Also  specify  services  (i.e..  publications,  search  services,  etc.)  to  be  provided  Identify  vendor  as  IIT 
Research  Institute/Reliability  Analysis  Center. 
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Reliability  Analysis  Center 
P.O.  Box  4700  ♦  Rome,  NY  13440-8200 


Place  orders  or  obtain  add  tional  information  directly  from  the  Reliability  Analysis  Center.  Specify  the  publications  and  services  desired.  Except  for  blanket 
purchase  orders,  prepayment  Is  required.  All  Non-U  S,  orders  must  be  accompanied  by  a  check  drawn  on  a  US  bank.  Please  make  checks  payable  to 
IITRI/RAC. 

Priority  Handling  -  Add  $15  00  per  book  (Non-U. S  )  for  Air  Mail,  add  $3.00  per  book  (U  S.)  for  First  Class 
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